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RESEARCH MEMORANDUM 


AERODYNAMIC CHARACTERISTICS OF A 6 -PERCENT-THICK 
SYMMETRICAL DOUBLE-WEDGE AIRFOIL AT TRANSONIC 
SPEEDS FROM TESTS BY THE NACA WHJG-FIOW METHOD 
By Lindsay J . Lina 


SUMMARY 


Tests were made in the transonic range "by the NACA wing- flow method 
to investigate the aerodynamic characteristics of a 6 -percent- thick 
symmetrical double -wedge airfoil having a rectangular plan form, of aspect 
ratio 4. Measurements of normal force, angle of attack, pitching moment, 
and chord force were made for a range of Mach numbers from. 0.66 to 1.12. 
Reynolds number of the model ranged from about 3^0 ,000 to SL0 ,000 • 

The results indicated an appreciable effect of Reynolds number on the 
aerodynamic characteristics. The slopes of the lift curves Increased and 
the aerodynamic center moved rearward with Increasing Reynolds number. A 
consistent effect of Reynolds number on the drag coefficient was not 
indicated. 

The slope of the lift curve for the range of lift coefficients from 0 .3 
to 0 .5 was greater than the slope taken from 0 to 0.2 lift coefficient and 
showed more abrupt variations with Mach number. 

The aerodynamic center for the lower lift-coefficient range moved 
rearward to 30 percent chord as Mach number was increased to about 0 . 88 , then 
forward to about 20 percent chord at Mach number 0 .92 , and f inally rearward 
to about 30 percent chord for Mach numbers increased beyond 0 *94 « The 
aerodynamic center for the higher lift-coefficient range moved rearward 
somewhat erratically from 25 to 42 percent chord as the Mach number was 
Increased from about 0 .85 to 1.0 • The maTrlTnum value of lift-drag ratio 
was about 12*5 for Mach numbers from 0 .7 to 0.85 and then decreased to 6.5 
with an increase in Mach number to 1 A) . 


INTRODUCTION 


As part of the NACA program, to investigate aerodynamic characteristics 
of airfoils in the transonic speed range, tests were made by the NACA wing- 
flow method of an. aspect ratio 4, rectangular airfoil having a symmetrical 
double -wedge section 6 percent thick. The investigation covered a range 
of Mach" numbers from 0 .66 to 1.12 and included measurements of angle of 
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attack, pitching moment, normal force, and chord force. The drag at zero 
lift obtained in this investigation was reported in reference 1, hut without 
the correction for tare of the end plate . 


SYMBOLS 


ct- angle of attack 

M effective Mach number of the model 

R Reynolds number 

lift coefficient 

pitching-moment coefficient about half-chord location 
Op drag coefficient 

APPARATUS AND TESTS 


The tests were made by the NACA wing- flow method in which a model is 
mounted in the high-speed flow over the wing of an airplane (references 2 
and 3) • 

The rectangular airfoil model (fig. l) had a symmetrical double-wedge 
section 6 percent thick and an aspect ratio, considering the wing surface 
as a reflection plane, of k.O . The model was equipped with a circular end 
plate of one-chord diameter and was mounted about 0 .03 inch above the 
surface of the airplane wing. 

The chordwise variation of Mach number in the test region, shown in 
figure 2, was determined from measurements of static pressure along the 
surface of the airplane wing with the model removed. The effective Mach 
number and dynamic pressure for the model station were obtained from these 
results and measurements of the pressure variation normal to the wing 
surface. The corrections for the effect of local Mach number variations 
normal to the surface of the airplane wing were similar to those described 
in reference 4 . 

In order to obtain three different ranges of Reynolds numbers for the 
Mach numbers covered, tests were made in dives at high, altitude (28,000 to 
22,000 ft), medium altitude (l8,000 to 12,000 ft), and low altitude (12,000 
to 6,000 ft) . The Mach numbers and Reynolds n umb ers covered in the tesbs 
are shown in figure 3* Continuous measurements were made in the dives of 
angle of attack of the model, normal force, chord force, pitching moment, 
free -stream impact and static pressures, and the airplane normal acceleration. 
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The ncdel was continuously oscillated through an angle-of -attack range of 
about ±6° . Hie rate of oscillation was about 20° per second . 


RESULTS AND DISCISSION 


The variati ons with Mach number of the angle of attack, pitching-moment 
coefficient, and drag coefficient at constant values of lift coefficient 
are shown in figures 4, 6, and 8, respectively, for tests at the three 
altitudes. Since the airfoil was symmetrical, data for positive and negative 
lift coefficients were plotted together. Die drag-coefficient data were 
corrected for the tare of the end plate, which was determined from, tests 
of the end-plate alone, to be a nearly constant value at 0 .00 4 based on the 
area of the no del. The faired results of figures 4, 6, and 8 are plotted 
in figures 7# and 9* respectively, to indicate the effects of the 
difference in Reynolds number associated with the different test altitudes. 
The variations with lift coefficient of the angle of attack, pitching-moment 
coefficient, and drag coefficient at several Mach numbers are presented in 
figures 10, 11, and 12, respectively. The rate of change of lift coeffi- 
cient with angle of attack and pitching-moment coefficient with 

lift coefficient dC^/dC^ (aerodynamic-center position), taken between 0 and 

0.2 and between 0-3 and 0.5 lift coefficient, are plotted against Mach 
number in figure 13* 

The results of the tests indicated an appreciable effect of Reynolds 
number. The angle of attack and the pitching-moment coefficient at a 
constant lift coefficient (figs. 5 and 7) decreased with increasing 
Reynolds number. Accor ding ly the rate of change of lift coefficient with 
angle of attack increased and the aerodynamic center moved rearward with 
increasing Reynolds number. A consistent effect of Reynolds number on the 
drag coefficient was not indicated. 

In general, the angle of attack at a constant lift coefficient decreased 
gradually with increase in Mach number up to a Mach number of about 0 -9 
(fig. 5)« At Mach numbers between 0*9 and 1.0 the angle of attack varied 
slightly but somewhat Irregularly for some of the lift coefficients. At 
higher Mach numbers the angle of attack showed practically no variations 
for lift coefficients up to 0.4. 

The variation of lift coefficient with angle of attack in figure 10 
indicated an increase in slope at an angle of attack between 2° and 3° > which 
became rather abrupt for the Mach number range from 0 .90 to 0 *94 . While the 
exact nature of the flow phenomena Is not known, tests on two-dimensional 
double-wedge airfoils at high subsonic speeds reported in reference 5 
indicated that a rapid expansion to local supersonic flow occurred on the 
upper surface near the leading edge which reduced the separation on the 
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upper, surface of the airfoil and increased the lift-curve slope for a small 
range of angles of attack. The slopes of the lift curves taken over a range 
of lift coefficients of 0 to 0 .2 (fig. 13(a)) and orer a range of lift 
coefficients of 0.3 to 0.5 (fig* 13(b)) were somewhat higher for the low- 
altitude run than for the higher- altitude runs . The slopes for the higher 
range of lift coefficients were greater but showed much larger variations 
for the range of Mach numbers of these tests . The slopes for both ranges 
of lift coefficients increased up to a Mach number of about 0 . 87 • The 
slopes for the lower lift- coefficient range then remained essentially 
constant for a further increase in Mach number while the slopes for the 
higher range of lift coefficients , in general, decreased. 

The pitching-moment coefficients at constant lift coefficients remained 
nearly constant for low lift coefficients and increased somewhat for the 
highest lift coefficient up to a Mach number of 0 . 80 ( figs . 6 and 7 ) > and 
then decreased for Mach numbers increasing from 0.80 to 0 . 88 . This decrease 
was more pronounced for the higher lift coefficients . A large increase and 
then decrease of moment coefficient occurred at Mach numbers from about 0 .89 
to O. 96 . At higher Mach numbers the moment coefficient remained nearly 
constant for the lower lift coefficients and gradually decreased with 
increasing Mach number for the higher lift coefficients. The variation of 
pitching-moment coefficient with lift coefficient in figure 11 indicated 
a large increase in the slope dCj^dCj^ for lift coefficients between 0 and 0 .25 

at Mach numbers 0 .92 and 0 <94. The slope dC^dC L for lift coefficients 

from 0 to 0 .2 (fig. 13 ( a )) indicated that the aerodynamic center moved 
rearward from about 25 to 30 percent chord as Mach number was increased 
from O .80 to 0.88, then forward to about 20 percent chord with a further 
increase in Mach number to 0.92, and finally rearward to about 30 percent 
chord with an increase in Mach number to and above 0 .94. The 
slope dC^dC^ for lift coefficients from 0 .3 to 0.5 (fig. 13(b)) indicated 

that the aerodynamic center was at about 25 percent chord for Mach numbers 
up to about 0 .8? and moved rearward somewhat erratically to about 
42 percent chord with an increase of Mach number to about 1.0. 

The variation of drag coefficient with Mach number (fig. 9) was small 
up to the Mach number corresponding to the starjb of the rapid drag rise for 
lift coefficients from 0 to 0 .4 . At a lift coefficient of 0 .5 the drag 
coefficient decreased appreciably over this same range of Mach numbers. The 
drag rise was somewhat more rapid and occurred at a slightly higher Mach 
number for the higher lift coefficients. The drag coefficient at a given 
lift coefficient attained a maximum value at a Mach number of about 1.0. 

At higher Mach numbers the drag coefficient decreased somewhat for lift 
coefficients up to 0 .2 and remained constant at the higher lift coefficients . 

The maximum value of lift-drag ratio (fig. l4) was about 12.5 for Mach 
numbers from 0 .70 to 0 .87 and decreased to- 6 . 5 with an increase in Mach 
number to 1.0. The maximum lift-drag ratio occurred at lift coefficients 
between 0 .2 and 0 *3 for Mach numbers up to 0.8 and between 0 .4 and 0 .5 for 
Mash numbers greater than O. 85 . 
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CONCLUDING REMARKS 


The results of tests at transonic speeds (Mach numbers 0.66 to 1.12) by 
the NACA wing-flow method of a 6-percent- thick symmetrical double-wedge 
airfoil with an aspect ratio of 4 indicated an appreciable effect of 
Reynolds number on the aerodyn ami c characteristics. The slopes of the lift 
curves increased and the aerodynamic center moved rearward with increasing 
Reynolds number. A consistent effect of Reynolds number on the drag 
coefficient was not indicated. 

The slope of the lift curve for the range of lift coefficients from 0 
to 0 .2 increased up to a Mach number of O .87 and then remained essentially 
constant . The lift-curve slope for the range of lif t coefficients from 0 .3 
to 0 .5 increased up to a Mach number of about 0 .87 and for further increases 
in Mach number showed a general decline . The slope of the lift curve for 
the range of lift coefficients from 0 .3 to 0 .5 was greater than for the 
lower range of lift coefficients . The variation of the lift-curve slope 
with Mach number was larger for the higher range of lift coefficients . 

The aerodynamic center for lift coefficients from 0 to 0 .2 moved 
rearward from about 25 to 30 percent chord as the Mach number was increased 
from 0 .8b to 0.88, then forward to about 20 percent chord with a further 
increase in Mach number to 0 -92 , and finally rearward to about 30 percent 
chord with an increase in Mach number to and above 0 .94 . The aerodynamic 
center for 13ft coefficients from 0 .3 to 0 .5 was at about 25 percent chord 
for Mach numbers up to about 0 .85 and moved rearward somewhat erratically 
to about 42 percent chord with an increase of Mach number to about 1.0. 

The maximum value of lift-drag ratio was about 12*5 for Mach numbers 
from 0 .7 to 0 .85 and then decreased to 6.5 with an increase in Mach number 
to 1.0 . 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Ya. 
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Figure 2.— Typical variation of local Mach number along the airplane— ving 
surface for several values of effective Mach number of the model. 
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(a) Low— altitude dive, Reynolds numbers 5*55 X 10^ to 8.10 X 10^. 


Figure 4.— Tariation with Mach number of angle of attack for several 

lift coefficients. 
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("b) Me dlim— alt i tude dive, Eeynolds numbers k-.5 X 10^ to 6.8 X 10^ 

Figure *<•.— Continued. 
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(c) High-altitude dive, Eeynolds numbers 3.6 x lO ' 3 to 5i2 X lO' 3 * 

Figure 4.— Concluded. 












(a) Low-altitude dive, Reynolds numbers 5*55 X 10^ to 8.1 x 10^. 







(Td) Medium-altitude dive, Reynolds numbers 4.5 x 10^ to 6.8 X 10^ 

Figure 6.— Continued. 






















(a) Low*-altitude dive, Reynolds numbers 5*55 X 10^ to 8.1 x 10^. 

Figure 8.— Variation vith Mach number of drag coefficient for several 

lift coefficients. 
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(t>) Ms diura-alt it Tide dive, Reynolds numbers 4.5 X 10 ^ to 6.8 X l£p 

Figure 8.— Continued. 
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Figure 10.— Tar 1st Ion of lift coefficient with angle of attack for various Mach numbers 
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(a) Slopes taken for lift coefficients from. 0 to 0.2. 

Figure 13.— Variation vith Mach, number of dCjJdn and dCM/dCL* 
Position of aerodynamic center also indicated. 


o.c. percent chord 
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(t) Slopes taken for lift coefficients from. 0.3 to 0 . 5 . 


Figure 13 •— Concluded 


ac . percent chord 





